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SIZING OF AIR-CONDITIONING SYSTEMS - THE NEW METHODOLOGY
Harry J. Sauer, Jr. and Ronald H. Howell
University of Missouri - Rolla
Rolla, Missouri

Abstract
Accurate cooling load calculations for sizing air-conditioning equipment
are more important today than ever.
Properly sized equipment saves energy.
This paper briefly describes a new method developed by ASHRAE for such cal
culations .

1.

INTRODUCTION

different fundamental principles and equations

The variables affecting cooling load calcula

are used to calculate different modes of

tions are numerous, often difficult to define

energy transfer.

precisely, and always intricately interrelated.

form of: (1) solar radiation through trans

Many of the components of the cooling load,

parent surfaces; (2) heat conduction through

such as outside air dry bulb temperature and

exterior walls and roofs;

solar insolation, vary in magnitude over a

through interior partitions, ceilings, and

wide range during a 24-hour period.

The heat gain occurs in the

(3) heat conduction

floors; (4) heat generated within the space

Since

by occupants, lights, and appliances; (S) en

these cyclic changes in load components are

ergy transfer as a result of ventilation and

often not in phase with each other, a detailed
analysis is required to establish the resul

infiltration of outdoor air, or (6) miscella

tant maximum cooling load for a building.

neous heat gains.

In air-conditioning design, it is necessary to

The second classification, sensible or latent,

differentiate between two related, but dis

is important for proper selection of cooling

tinct, heat flow rates, each of which varies
with time:

equipment.

The heat gain is sensible when

there is a direct addition of heat to the con
ditioned space by any or all mechanisms of

(1) Space Heat Gain

conduction, convection, and radiation.

(2) Space Cooling Load

Sensi

ble heat gain is associated with a change in

Space heat gain (instantaneous rate of heat

temperature.

gain) is the rate at which heat enters into

moisture is added to the space (e.g., by water

and/or is generated within a space at a given

vapor from occupants of the space).

instant of time.

tain a constant humidity ratio in the enclo

Heat gain is classified by:

The heat gain is latent when
To main

(1) the mode in which it enters the space; and

sure, water vapor in the cooling apparatus must

(2) whether it is a sensible or latent gain.

condense out at a rate equal to its rate of
addition into the space.

The first classification is necessary because

The amount of energy

required to do this, the latent heat gain, es
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sentially equals the product of the rate of

To eliminate any discrepancy between the TETD

condensation and latent heat of condensation.

and TF methods, ASHRAE sponsored research pro

Any cooling apparatus has a maximum sensible

ject RP-138 at the University of Pittsburgh

heat removal capacity and a maximum latent

under the direction of William Rudoy [1,2].

heat removal capacity for particular operating
conditions.

The final results of this project provided a

Space cooling load is the rate at which heat
must be removed from the space to maintain

in the 1977 ASHRAE HANDBOOK:

room air temperature at a constant value.
summation of all space instantaneous heat

new method which has replaced the TETD method
FUNDAMENTALS [3],

For RP-138, the investigators used the method

The

ology and basic equations of the Transfer Func
tion Method to generate cooling load factors

gains at any given time does not normally

(CLF) for each component of the space cooling

equal the cooling load for the space at that

load.

same time.

ponents are calculated directly, through use

The space heat gain by radiation

Values of the space cooling load com

is partially absorbed by the surfaces and con
tents of the space and does not affect the

of CLF's which include the effect of time lag

room air until some time later.

Method, worked on extensively in the last de

The radiant

energy must first be absorbed by the surfaces
that enclose the space (i.e., walls, floor,
and ceiling) and the material in the space.

due to thermal storage.

The Transfer Function

cade, was used as a basis for generating the
new tables.
Its accuracy has been validated
in recent experimental efforts.

As soon as these surfaces and objects become
2.

METHODOLOGY

warmer than the space air, some of their heat
will be transferred to the air in the room by

2.1

convection.

There are basically five different components

Since their heat storage capacity

GENERAL

determines the rate at which their surface

of heat gain that must be calculated in any

temperatures increase for a given radiant in

space cooling load computation:

put, it governs the relationship between the
(1) heat gain through exterior walls and
roofs,

radiant portion of heat gain and corresponding
part of the space cooling load.

(2) heat gain through fenestrations
transmitting areas),

The 1972 ASHRAE HANDBOOK OF FUNDAMENTALS de
scribed two methods for calculating space cool
ing load.

(light

(3) heat gain through interior partitions,

In the first procedure, the Total

ceilings and floors,

Equivalent Temperature Differential (TETD)
Method, various components of space heat gain

(4) heat sources within the conditioned
space, and

were added together to get an instantaneous
total rate of space heat gain, which was then

(5) heat gain due to ventilation and infil
tration .

converted to an instantaneous space cooling
load through the use of weighting factors
which provided for time averaging the radiant
component.
The second procedure, introduced
for the first time in the 1972 volume, was the

Table 1 summarizes the sources of the space
cooling load and the forms of equations to use
in the calculations. Details for making the

Transfer Function (TF) Method. Although simi
lar in principle to the first method, it em

cooling load calculations along with the neces

ployed entirely different weighting factors,

1977 FUNDAMENTALS of the American Society of

sary tables are given in the ASHRAE HANDBOOK -

called coefficients of room transfer functions, Heating, Refrigerating and Air-Conditioning
Engineers.
in converting heat gain to cooling load.
Transfer function, a term used because it re

2.2

EXTERIOR WALLS AND ROOFS

lates to underlying mathematical principles,
The technique for calculating the space cool

is nothing more than a set of coefficients
that relate an output function at the time and
previous times.
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ing load component as a result of heat gain
through exterior roofs and walls involves the

Tabic 1 Procedure for Calculating Space Design Cooling Load—Summary of Load Sources and Equation!
U id Source__________ Equation

Load Source__________ Equation

P a r t i t i o n ',
C e i li n g s .
F lo o rs

E x te r n a 1

Roof

q -

U * A

4 -

C /x A x T D

4 -

I N P U T x C 1 .F

I n te r n a l
L ig h ts

»CLTD

P e o p le

q -

W a lls

S e n s ib le

4, -

N o x Sens. H .G . x C L F

L a te n t

q , - N o x L a t. H .G .

U * A x CLTD
A p p lia n c e s

C la s s

C o n d u c tio n

q -

U x A * CLTD

S e n s ib le

4, -

H E A T G A IN x C L F .

L a ie m

4, -

H E A T G A IN

P o w rr
4 - H E A T G A IN x C l F
V e n t il a ti o n A
I n filtr a tio n
A ir
S e n s ib le
la te n t
S o la r

4 -

A » SC * SH G F x C LF

concept of sol-air temperature.

T o ta l

Sol-air tem

4, -

1 .1 0 x C F M x t t
q ( - 4840 x C F M *A K '
4 - 4 .5 « C F M xAA

Heat admission or loss through fenestration

perature is that temperature of the outdoor

areas is affected by many factors of which the

air which, in the absence of all radiation ex

following are the most significant.

changes, would give the same rate of heat en

(1) Solar radiation intensity and incident
angle.

try into the surface as would exist with the
actual combination of incident solar radiation,
radiant energy exchange with the sky and other

(2) Outdoor-indoor temperature difference.

outdoor surroundings, and convective heat ex
change with the outdoor air.

(3) Velocity and direction of air flow across the exterior and interior fenes
tration surfaces.

The Transfer Function method was used to com
pute the one-dimensional transient heat flow
through various sunlit roofs and walls.

(4) Low temperature radiation exchange b e 

The

tween the surfaces of the fenestration
and the surroundings.

heat gain was converted to cooling load by
using the room transfer functions.

The re

(5) Exterior and/or interior shading.

sults were then generalized to some extent by
dividing the cooling load by the U-factor for

The total instantaneous rate of heat gain

each roof or wall.

through a glazing material can be obtained

The results thus obtained

are in units of total equivalent Cooling Load

from the heat balance between a unit area of

Temperature Difference (CLTD).

fenestration and its thermal environment:

The corres

ponding cooling load for exterior wall and
roofs is thus obtained as,

Tn ultl—*
Hwtftow
Radtotioa
Inward flow
innairiuioa
due to
tranamitled
ofabtorbod
(■rough■ outdoor-indoor + through
+ solar
(hua
temperature
put
radiation
difference

q = U A CLTD.

In this equation, the last two terms on the
2.3

FENESTRATIONS

right are present only when the fenestration
is irradiated, and are therefore related to
Fenestration is the term used here to desig
the
incident radiation.
nate any light-transmitting opening in a build
ing wall or roof.

The opening may be glazed

Combining the last two terms,

with single or multiple sheet, plate or float
glass, pattern glass, plastic panels, or glass
block.

Interior or exterior shading devices

Total heat
transmism Conduction
sion through
Heat Gain
glass

Solar Heat
Gain

are usually employed, and some glazing systems
In this way, the heat gain is divided into two

incorporate integral sun control devices.

components:
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(1) the conduction heat gain (or

loss) , due to differences in outdoor and in

q = Area x Shading Coefficient x Maximum Solar

door air temperature; and (2) the solar heat

Heat Gain x Cooling Load Factor

gain (SHG), due to transmitted and absorbed
solar energy.

The area is the net glass area of the fenestra
tion.

For the conduction heat gain, the overall heat
transfer coefficient accounts for the heat
transfer processes of:

The total load through fenestration is the sum
of the load due to conduction heat gain and

(1) convection and

the load due to solar heat gain:

long-wave radiation exchange outside and in
q = UxAxCLTD + AxSCxSHGFmaxxCLF

side the conditioned space; and (2) conduction

through the fenestration material.
Consequent 2.4 INTERIOR PARTITIONS
ly* in calculating cooling load factors for
Whenever a conditioned space is adjacent to a
this component, the conduction heat gain was
space in which a different temperature pre
treated in a manner similar to that through
vails, transfer of heat through the separating
walls and roofs.
structural section must be considered.
The
The cooling load due to conduction and convec heat transfer rate, q, in Btuh, is given by:
tion heat gain is then calculated by:
q = U A (tb - t4)
q = U A CLTD

where

where A is the net glass area of the fenestra
tion in square feet.

U

= coefficient of overall heat transfer
between the adjacent and the condi

The heat gain due to the transmitted and ab

tioned space, Btu per (hour)(square

sorbed solar energy, grouped in the term solar

foot)(degree Fahrenheit)

heat gain (SHG), is present in cooling load
A

calculations only when fenestration is irradi
ated.

square feet

ASHRAE has developed a method for esti

t^ = average air temperature in adjacent

mating solar heat gains through fenestrations,

space, degrees Fahrenheit

based on a reference glazing material of
double-strength (0.125-in.) sheet glass.

= area of separating section concerned,

The

t^ = air temperature in conditioned space,

solar heat gain through this reference materi

degrees Fahrenheit

al, called the solar heat gain factor (SHGF)
is calculated for daylight hours of the twentyfirst day of each month, for seventeen princi
pal orientations.

For floors directly in contact with the ground,
or over an underground basement that is neither
ventilated nor warmed, heat transfer may be
neglected for cooling load estimates.

To account for the different types of fenestra
tion and shading devices used, the shading co-

2.5

HEAT SOURCES WITHIN CONDITIONED SPACE

efficient (SC), relating the solar heat gain

Values of energy transfer into a space due to

through a glazing system under a specific set

occupants, electric motors, commercial cooking

of conditions to the solar heat gain through

appliances and various other miscellaneous ap

the reference glazing material under the same
conditions, is defined:

pliances likely to be found in air conditioned
enclosures can be found in tables in the ASHRAE
HANDBOOK - 1977 FUNDAMENTALS.

— Solar Heat Gain of Fenestration
iJolar Heat G a m of Double-Strength Glass

Where the

sources also add moisture to the space, the
total energy must be divided into sensible and

Most fenestration has some type of internal

latent parts.

shading to provide privacy and aesthetic ef

Generally, these internal heat gains consist

fects, as well as to give varying degrees of
sun control.

of some or all of the following:
(1) Lighting

Cooling load due to solar radiation through
fenestration is calculated by:

(2) People
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(3) Appliances

where

(4) Electric Motors

Lp = length of space exterior wall, feet

(5) Miscellaneous sources, such as steam or

U = U-value of the space enclosure ele

hot water pipes running through the con

2.6

ment (subscript w for window, ow for

ditioned space, hot water tanks in the

outside wall, and c for corridor), Btu

space, etc.

per (hour)(square foot)(degree Fahren
heit)

VENTILATION AND INFILTRATION

A = area of the space enclosure element,

Wind and pressure differences cause outdoor

square feet

air that is higher in temperature and moisture
content to infiltrate through the cracks

3.

around doors and windows resulting in local
ized sensible and latent heat gains.

Since the cooling load factors were accom

Also,

plished on an element-by-element basis, it is

some outdoor ventilation air is usually neces
sary in order to eliminate any odors.

useful to compare the results for a complete

This

cooling load.

outdoor air imposes a cooling and dehumidifying
load in the cooling coil because the heat and/
or moisture must be removed.

COMPARISON OF RESULTS

In Fig. 1, the total cooling

loads as well as that of the elements are com
pared for the CLF method with the results from

Heat gains due

the TETD method and the TF method.

to infiltration and ventilation can be computed
using

It is important to point out that in order to
make the comparison compatible with the TF

qs = 1.10 (cfm) At

method results, the east and north exposed

q t = 4840 (cfm) AW
where:

walls were changed to dark colored surfaces,

cfm = cubic feet per minute of outdoor

and a correction in the cooling load for the
south glass and for ventilation and infiltra

air

tion air due to the air temperature of 93 F at
At = difference between outdoor and
indoor temperatures, °F
AW = difference between outdoor and
indoor humidity ratios, lb/lb

2.7

CORRECTION FOR HEAT TRANSFER TO SURROUND
INGS

4:00 p.m.

The TF method used the SHGF for

June to calculate sol-air temperature of o u t 
side surfaces and solar heat gain through w i n 
dows, since the solar irradiation of horizon
tal surfaces is maximum at this time of the
year and the heat gain through the roof is the
major component of the room heat gain in the

In calculating the space cooling load compo
nents described in the previous sections it
has been assumed that all energy transferred
into the space eventually appears as space
cooling load.

In some cases, however, this is

not true; a fraction of the input energy is
lost to the surroundings except in the case of
ventilation and infiltration air.

This frac

tion, F , depends on the thermal conductance
between the space air and the surroundings.
An estimate of Fc can be made:
Fc = 1 - 0.02 Kt
where Kt is the unit length conductance b e 
tween the space air and surroundings, in Btu/
(h*ft*deg F ) , given by:

Kt - (1/Lp)(U„AW + U q w A o w + UCAC)

example.

The TETD and CLF methods consider

that the heat gain through roofs is the same
for the months of April through August, so that
criterion to select the maximum cooling load
was based on the heat gain through fenestra
tion which in this case is maximum for the
month of August.

If the solar load through

fenestration were more important in the load
calculation (i.e., more glass area), the same
month would be used to perform the calculations
by the three months.

The accompanying curve

also shows the results obtained with the
National Bureau of Standards computer program
NBSLD (and it's "exact" cooling load calcula
tion routines) [4].
While there is a difference in sensible cool
ing load of more than 221 between the two
275

EXAMPLE— COOLING LOAD CALCULATION
Example 15: A one-fltorv office building (Fig. 16) is located in
an eastern state near 40 deg latitude. The adjoining buildings
on the north and wrest are not conditioned, and the a ir tem
perature within them is known to
substantially equal to
the outdoor air tem perature at any time of the day.
South wall construction: '*-in. h.w. concrete block, 4-in. brick
▼eneer, J-in. plaster, (t* = 0.3'J.i
E ast wall and outside north wall construction: S-in. h.w. con
crete block, i-in. piaster on walls. (U = 0.4s.)
W est wall and adjoining north party wall construction: 13-in.
solid brick, no phister:
-L » _ i _

13/12 , _ J _

V “ 1.46 + 0.42 + 1 46

U = 0.253.

Occupancy: S5 office workers from 8:00 a.m. to 5:00 p.m .
Lights: 17,500 watts, fluorescent, from 8:00 a.m. to 5:00 p.m.
4000 w atts, tungsten, continuous.
Conditioning equipment to be located in adjoining structure
to the north.
Find: Sensible heat gain, latent heat gain, and maximum
cooling load.

Use V * 0.25.

Roof construction: 4 1-in. flat roof deck of 2-in. gypsum slab,
2-in. roof insulation, on ‘-in. asbestos cement board surfaced with
built-up roofing with no fal<e ceiling, (f* - 0.12, dark color)
Floor construction: 4-in. concrete on ground.
Fenestration: 3 ft X 5 ft windows of regular plate gl;iss with
light color Venetian blinds.
Front doors: Two 2 ft-6 in. X 7 ft (wood panel*).
Side doors: Two 2 ft-6 in. X 7 ft (wood panels).
R ear doors: Two 2 ft-6 in. X 7 ft (wood panelsi.
Outdoor design conditions: Dry-bulb tM F, daily range 20 F
deg, wet-bulb 77 F : 11’. = 0.0161 lb vapor per lb dry air; h» = 40.3
B tu per lb dry a*r.
Indoor design conditions: Dry-bulb 75 F. wet-bulb 62.5 F:
W i *= 0.0003 lb vapor per lb dry air; hi = 2S.25 Btu per lb dry

Fifl. 16 . . . . Plan of O ne-Story Office Building

Solution:

COOLING LOADS

(4 P.M.)

(Thousand Btuh)
TETD

June
CLF

3T

Transmission
Roof

33.70

32.18

30.41

S. Wall

2.70

3.47

2.28

E. Wall

14.46

13.20

12.14

1.38

1.56

1.39

N. 6. W. Wall

3.70

3.45

1.43

N. & E. Doors

0.80

.92

0.43

R. Wall
(exposed)

S. Door

0.60

.82

0.74

Sub-Total

57.34

56.60

48.82

Transmitted Solar Radiation and Transmission
S. Glass

2.55

1.88

1.81

R. Glass

0.91

.98

0.75

3.46

2.86

2.56

Sub-Total
Int.rnal Load
Infiltration

1.30

1.30

1.30

Ventilation

25.20

2S.20

25.20

Lights

85.10

68.00

61.39

People

21.30

17.85

18.04

132.90

112.35

105.93

193.70

171.81

157.31

Sub-Total
Total-Sensible

FIGURE 1 - COOLING LOAD COMPARISONS:
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TETD, CLF, AND TF METHODS

(TETD and TF) methods in the 1972 HANDBOOK, it
is reduced to 9.24 when the comparison is made
between the TF method and the CLF method.

The

partial differences between the TF and CLF
methods for the different components are 16.04
for transmission through walls and roofs, 11.74
for the cooling load due to fenestration and
6.14 for the internal load.
However, it is important to note that no ad
justment has been made to the CLF method to
account for the fraction of heat gain that is
lost to the exterior and does not appear as
cooling load as is made when the TF technique
is used.

If this adjustment is made in the

new method (it can be done directly), the
total difference is reduced to 2.24.
4.
(1)
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